ture of this hypothesis is that it could account for some apparent discrepancies in the literature. For example, a previous study, in which entry to the Golgi was regulated by temperature, yielded beautiful electron micrographs whose content suggested that the very same proteins (VSV glycoprotein) did not fill up all of the cisternae simultaneously but instead moved as a wave through the Golgi (Trucco et al., 2004) . However, in light of the dynamic model proposed by Patterson et al., temperature could also affect the dynamics of lipid flow, thus potentially reconciling the two observations.
The work of Patterson et al. leads to many new questions. One critical issue is how SNAREs, the proteins that regulate membrane fusion steps throughout the eukaryotic kingdom, fit within this new model of intra-Golgi transport. One particular SNARE, GOS28, is found on the vesicles that surround the Golgi (Orci et al., 2000) . Are the SNAREs responsible for fusion of the tubular connections between the cisternae leading to the continuities? Alternatively, is there vesicular traffic functioning in parallel with diffusion through the Golgi? The new generation of optical probes and microscopy techniques offer the potential for addressing a series of questions that previously could not even be articulated. Life began over a billion years ago as percolating early microbes in the seas assembled into primitive interacting multicellular aggregates. A steady evolutionary progression led to a panoply of more complex biological species through geological epochs across which three principal world domination events occurred. The first era (early Paleozoic) was dominated by the trilobite marine invertebrates, and the second period (Mesozoic) nurtured the reptilian dinosaurs who dominated the planet until 63 million years ago (MYA) when an asteroid abruptly extirpated them all. With the demise of the dinosaurs, the first mammal precursors-warm-blooded ratsized insectivores-seized the opportunity and produced a third still flourishing domination of the earth, the mammalian radiations.
Modern mammals comprise 28 orders of some 4800 species that range in specialization from bats, to whales, to bears, to horses, to koalas, and to humankind (Nowak, 1999; Wilson and Reeder, 2005) . The earliest mammals began their journey from their reptilian predecessors over 300 MYA when they moved from eggs, scales, venom, and feathers (modern birds are a polyphyletic inclusion of reptiles, notably dinosaurs; see Figure 1 ) to warm-blooded animals with fur coats that give birth to live young, nurse their young, and have four-chambered hearts, X/Y chromosome-based sex determination, and in one case remarkable cognitive neurodevelopment. Mammal evolution was a dynamic grand experiment fueled by diverse ecological opportunity, mutational modification, and accumulating adaptations. Zoological observers long recognized that mammals include one group of bizarre Australian species, the monotremes (the platypus and two echidna species) that had attributes of mammals, birds, and reptiles all wrapped together. The monotremes are considered to be the product of a 160-200 million-year-old lineage of the early mammals. Given the amalgam of mammal, bird, and reptile biological features, the platypus and echidnas are considered living "missing links" between the
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Stephen J. O'Brien 1, * two epochs of reptilian and mammalian preeminence. Now we can add a full genome sequence of the platypus-recently published in Nature by an impressive committee of 100 authors from nine countries (Warren et al., 2008) -to the available descriptors of this relict evolutionary lineage. The platypus lives in freshwater brooks and lakes in Eastern Australia and Tasmania, feeding on worms, insect larvae, frogs, shrimp, and crayfish. Like other mammals, the curious species is warm blooded (albeit at 30°C-32°C average temperature) with a four-chambered heart, produces milk for nursing through abdominal glandular patches (not nipples), and has a furry coat and a flat rudder-like tail of a beaver. But like reptiles, the platypus has a cloaca vestibule that opens to the intestine, exocrine ducts, and genital tubules; it also has a venomous spur on its hind limbs that delivers deadly snake-like venom to intruders. Males lack a scrotum and carry undescended testicles. Like birds (its taxonomic namesake Ornithorhynchus anatinus), the platypus has webbed feet and a bill like a duck, lacks adult teeth, lays eggs, and incubates them to hatching. Nearly all mammals have two sex chromosomes (X and Y), whereas the platypus has 5 X and 5 Y chromosomes that during meiosis assort in a chain of interleafing translocation chromosomes reminiscent of the evening primrose, Oenothera (Jacob, 1940) . When specimens of the platypus were first examined by British naturalists, they suspected a taxidermy hoax or a species created by a government committee. It was neither.
The platypus was nominated by the National Human Genome Research Institute (NHGRI) as part of a larger plan for the whole genome sequencing of 32 species to capture extensive DNA variation among living mammals (Green, 2007; O'Brien et al., 2001 ; http://www.genome. gov/25521745; http://www.broad.mit.edu/ mammals). The hope would be that a comparative database of mammalian genome sequences would inform human (medical) genome annotation and interpretation as well as promote an evolutionary framework for interpreting gene action, development, adaptation, and gene regulation.
Given that 99% of all mammalian species to ever exist are extinct, it is fortunate to have a mammal/reptile relic alive, well, and available. In addition, by its evolutionary placement the platypus represents an outgroup species for placental and marsupial mammals as well as for reptiles and birds and so should be useful for designating ancestral or derived characters in other groups.
So what did we learn from the platypus genome first pass? Actually quite a bit, some predictable and several surprises. The genome is small, 2.3 billion base pairs (Gbp), and has 18,597 predicted genes (about the same as placental mammals), and half the genome comprises repetitive DNA families. A primitive casein gene cassette of five genes supports milk production. Gene expansion of some 1730 vomeronasal odorant receptor genes (of which around 25% are functional) may detect soluble chemical pheromones of mates or prey/ predators underwater. Scores of familiar eutherian genes are missing-for example, cytochrome p450, glutamine synthetase, vitellogenin II, melatonin receptor 1C, and others-and there are many new reptile/bird gene homologs.
The platypus is one of a handful of mammals that makes venom and the only one to deliver it through hind leg spurs. The venom is a highly toxic mix of 19 peptide varieties derived by gene duplication of three primitive genes encoding B-defensin, C-type natriuretic peptide, and nerve growth factor. The same gene families evolved to produce reptile venom but through a different convergent evolutionary process. The platypus genome reveals an extraordinary expansion of killer immunoglobulin receptor (KIR) genes to over 214 paralogs compared to 15 KIR genes in the human genome.
This curious mammal has an even odder sexual disposition. There is no SRY gene, the eutherian sex determining locus, nor do their sex chromosomes show any sequence homology to eutherian sex chromosomes. Instead, their X chromosome shares extensive homology with the chicken sex chromosome (Z), indicating that platypus sex determination follows the chicken and not the mammalian route (Warren et al., 2008; Veyrunes et al. 2008 ). This revelation is figure 1. A curious sort of Mammal Phylogenetic interpretation of the evolutionary relationship among mammals, reptiles, and birds with approximate dates for the divergence nodes among the different groups. The platypus whole genome sequence was recently assessed and annotated (Warren et al., 2008) . The platypus remains a divergent out-group in the monotreme lineage, which has only three living species (the other two species are echidnas). The number of living species in other mammalian groups is listed in parentheses.
important because it indicates that the familiar X-Y sex determination system of marsupial and placental mammals is younger than originally thought, and certainly more recent than 160-200 MYA, when monotremes are estimated to have diverged from other mammals.
In addition to the rich platypus genome description with nearly 100 pages of supplemental detail plus a live platypus genome browser (Warren et al., 2008;  http://genome.ucsc.edu), we eagerly anticipate additional genomic features. These include identification of: the genetic circuits that drive electrosensory physiology adapted for underwater foraging, endogenous retroviral families, nuclear mitochondrial DNA (numt) loci, pseudogenes, single nucleotide polymorphisms (SNPs), and several paralogous gene families.
The very deep evolutionary distance of the platypus from other mammals (~166 MYA) made assembly and annotation of its genome a major challenge. Due to technical issues specific to the platypus genome, the present assembly includes several hundred thousand unconnected scaffolds and as many gaps between them. There was no radiation hybrid map available to anchor the assembled scaffolds and ultra-contigs to a physical anchor map, so around 300 ultracontigs were mapped by fluorescence in situ hybridization (FISH). Between the FISH-mapped anchor markers, scaffolds were ordered by comparative inference with other eutherian mammalian genome assemblies (Warren et al., 2008) . Such an approach is reasonable but likely to introduce mapping errors due to any chromosome rearrangements that occurred. This limitation also precludes a confident high-resolution analysis of conserved syntenic blocks in the platypus relative to other mammals (O'Brien et al., 1993; Murphy et al., 2005; Pontius et al., 2007 ). Future refinement of the platypus genome and comparative genomic analysis would be an invaluable contribution to reconstructing the genome organization of the ancestor of all mammals.
Stepping back, the monotreme lineage can be considered a stunning evolutionary success in outlasting so many long extinct mammalian lineages but must take third place in the competition with marsupial and placental mammals to prevail across the globe. Along with its monotreme cousins the long-and shortnosed echidnas (two species separated by 21.2 million years from the platypus), the platypus remains an enigma of natural history, of the persistence of unintelligent design, and of the possibilities for studying the development and physiology of different mammalian species at the systems level. It took an eclectic committee of authors to wage a multidisciplinary analysis of the DNA script for this curious creature. Though some may consider today's extensive finding preliminary (even unremarkable), few will disagree that this genome sequence is certain to be heuristic. The milestone will surely invigorate numerous research enquiries about evolutionary processes, comparative biology, species adaptation, development, and genome archaeology to decipher the "web"-footprints nestled in the now equally curious platypus genome. One enticing step forward would be a whole genome sequence for an echidna, a species not yet on the radar for NHGRI comparative sequencing.
